Purpose: Inflammatory factors play a critical role in contrast-induced acute kidney injury (CI-AKI). Prealbumin, a nutritional and inflammatory indicator, is a well-established predictor of short-and long-term outcomes in numerous clinical conditions. The current study investigated the association of pre-procedural prealbumin levels with CI-AKI and long-term outcomes in geriatric patients after elective percutaneous coronary intervention (PCI). Patients and methods: A total of 558 patients aged$75 years, who underwent elective PCI between January 2012 and December 2015, were selected for the current study. Pre-procedural prealbumin levels were measured before PCI. Multivariable logistic regression and Cox proportional hazard regression analyses were performed to identify the independent risk factors for CI-AKI and long-term mortality. Cox regression analysis demonstrated that prealbumin#185.5 mg/L was associated with longterm mortality (adjusted hazard ratio [HR] 0.525; 95% CI 0.289-0.952; P=0.034) during the follow-up. Conclusion: Pre-procedural levels of prealbumin were independently associated with an increased risk of CI-AKI and long-term mortality in elderly patients undergoing elective PCI. Keywords: prealbumin, contrast-induced acute kidney injury, percutaneous coronary intervention, elderly
Introduction
Contrast-induced acute kidney injury (CI-AKI) frequently occurs with the increased use of contrast media (CM) . 1 This has led to increased inhospital mortality, dialysis, and a medical burden. 2 Thus, identifying high-risk patients and early prophylactic measures are crucial for preventing CI-AKI. 3 Specifically, elderly patients are at high risk of developing CI-AKI and likely to develop deteriorated renal and cardiac functions as compared to the general population. 4, 5 Previous studies have confirmed that inflammatory factors play a critical role in the process of CI-AKI. 6, 7 Serum levels of prealbumin were measured to assess an individual's recent nutritional intake and current nutritional state. Accumulating evidence demonstrated that serum prealbumin levels not only indicate the recent nutritional status but also play a role in regulating acute inflammatory diseases. 8, 9 Thus, it has been firmly established that hypo-prealbumin is a significant independent risk factor for mortality in patients with AKI. [10] [11] [12] However, to the best of our knowledge, studies exploring the correlation of prealbumin with CI-AKI and long-term outcomes in elderly patients, who had undergone percutaneous coronary intervention (PCI) , are yet lacking.
In the current prospective observational study, we investigated the association of pre-procedural prealbumin levels with CI-AKI and long-term outcomes in geriatric patients post-elective PCI.
Patients and methods study design and patient population
Between January 2012 and December 2015, consecutive elderly patients, aged$75 years, with coronary artery disease (CAD) undergoing elective PCI, were selected for this study. The exclusion criteria were as follows: 1) patients who are at high risk of acute coronary syndrome (ACS) (ie, admission ,12 h after ischemia symptom onset or complicated by cardiogenic shock or acute severe heart failure in STEMI patients; refractory angina or hemodynamic instability in patients with non-ST-elevation ACS [NSTE-ACS]) undergoing primary PCI or emergency PCI (n=90); 2) end-stage renal disease (estimated glomerular filtration rate [eGFR],15 mL/ min/1.73 m 2 ; n=1); 3) history of radio-contrast agents 48 h prior to procedure or 72 h post-procedure (n=3); 4) lack of data on pre-procedural or post-procedural serum creatinine (SCr) levels (n=60); 5) lack of data on pre-procedural prealbumin levels (n=24); 6) administration of nonsteroidal antiinflammatory drugs (NSAIDs), aminoglycosides, cisplatin, or other nephrotoxic drugs 48 h before and 72 h post-PCI (n=0). Consequently, 558 patients were eligible for recruitment in the study. The protocol fulfilled the requirements of the Declaration of Helsinki and was approved by the ethics committee of the Fujian Provincial Hospital, China (ethics approval number: K2012-001-01). Informed written consents were obtained from all patients after providing them a detailed written description of the potential benefits and risks associated with the study.
PCI
PCI was performed according to the optimal clinical practice using standard guide catheters, guidewires, balloon catheters, and stents via the femoral or radial approach. The contrast dose was determined at the discretion of the interventional cardiologist. All patients received nonionic and low-osmolarity contrast agents (either iopamiron or ultravist, both 370 mgI/mL). In addition, all patients received intravenous isotonic saline (0.9%) at a rate of 1 mL/kg/h for 12 h before and until 24 h after the procedure (or 0.5 mL/kg/h for 12 h if the patients were experiencing overt heart failure) according to the guidelines. The patients were treated according to American Heart Association/American College of Cardiology Foundation (AHA/ACCF) guidelines. At the time of admission, serum prealbumin levels were determined by turbidimetric immunoassays using the COBAS 8000 automatic biochemical analyzer (Roche Diagnostics, Basel, Switezerland; prior to PCI), SCr levels were measured at admission and daily for 2 days after contrast administration, and biochemical parameters, including serum albumin, glucose, uric acid, lipid profiles, high-sensitivity C-reactive protein (Hs-CRP), hemoglobin, white blood cell and platelet counts, and glycated hemoglobin, were also evaluated.
Data collection and end points
All clinical, laboratory, and angiographic data obtained by reviewing the medical records were assessed and quantified by an independent study team consisting of experienced cardiologists. Follow-up data were obtained during an outpatient clinic visit or by phone. The median follow-up period was 1.8 years. The primary end point was the development of CI-AKI, defined as an absolute increase in $0.3 mg/dL or $50% from the baseline SCr levels within 48 h after exposure to CM. Advanced congestive heart failure (CHF) was defined as a New York Heart Association (NYHA) class .2, or Killip class .1. Anemia was defined as hematocrit (HCT),0.39 (for males) or ,0.36 (for females). Peri-hypotension was defined as systolic blood pressure 
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Prealbumin and CI-AKI (SBP),80 mmHg for at least 1 h requiring inotropic support with medications or intra-aortic balloon pump (IABP) within 24 h periprocedurally. 13 Additional end points were all-cause mortality during the follow-up.
statistical analyses
The baseline characteristics were compared between the CI-AKI and non-CI-AKI groups. Normally distributed continuous variables were expressed as mean and SD and analyzed using Student's t-tests. Non-normally distributed variables were expressed as median and analyzed using Wilcoxon rank-sum test. The categorical variables were represented as percentages and analyzed using chi-square test or Fisher's exact test. The receiver operating characteristic (ROC) curve analysis determined the optimal cutoff value of prealbumin levels to detect CI-AKI using the MedCalc statistical software (MedCalc Software, version 11.4.2.0, Ostend, Belgium). Univariate and multivariate logistic regressions were performed to calculate the odds ratios (ORs) for risk factors of CI-AKI. The variables that were found to be significant in the univariate analysis (P,0.05) and those that were confirmed to be significant in clinical practice were included in the multiple logistic regression analysis. The association of prealbumin with long-term mortality was investigated using Cox regression analysis. The Kaplan-Meier curve assessed the survival among the four groups that were categorized based on the prealbumin quartiles with log-rank test and between the CI-AKI and non-CI-AKI groups. P,0.05 was considered as statistically significant. All statistical analyses were performed using SPSS version 20.0 (IBM Corporation, Armonk, NY, USA).
Results

Baseline clinical characteristics and inhospital mortality
A total of 558 elderly patients were enrolled in this study. The average age of the cohort was 78.82±3.26 years, and the cohort was composed of 158 (28.3%) females. The baseline levels of SCr were 0.98±0.29 mg/dL. Of the total patients selected, 206 (36.9%) had diabetes. Table 1 summarizes the univariate analysis of the baseline and procedural characteristics, including the conventional risk factors for CI-AKI between the patients with and without CI-AKI. Patients who developed CI-AKI were likely to be older, as well as have CHF, low left ventricular ejection fraction (LVEF) and hemoglobin values, and high eGFR, N-terminal pro-brain-type natriuretic peptide (NT-proBNP), and Hs-CRP values. These patients presented prolonged procedural 
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You et al Abbreviations: ACeI/ArB, angiotensin-converting enzyme inhibitor/angiotensin receptor blocker; BMI, body mass index; CABg, coronary artery bypass grafting; CHF, congestive heart failure; CI-AKI, contrast-induced acute kidney injury; eGFR, estimated glomerular filtration rate; HbA1c, glycated hemoglobin; HCT, hematocrit; hs-CrP, high-sensitivity C-reactive protein; lAD, left anterior descendant; lCX, left circular branch; lM, left main stem; lVeF, left ventricular ejection fraction; MI, myocardial infarction; nT-proBnP, n-terminal pro-brain-type natriuretic peptide; PCI, percutaneous coronary intervention; rCA, right coronary artery; sBP, systolic blood pressure; sCr, serum creatinine; WBC, white blood cells.
durations or multivessel disease and were frequently treated with diuretics. Furthermore, these patients with CI-AKI were likely to have low prealbumin and albumin levels. Moreover, patients with CI-AKI exhibited a significantly higher rate of inhospital mortality (5.90% vs 0.40%, P,0.0001) as compared to those without CI-AKI (Figure 1 ). rOC analysis and multivariable factors for predicting CI-AKI Individuals with low pre-procedural prealbumin concentrations were likely to develop CI-AKI (quartile (Q) Q1, Q2, Q3, Q4: 19.3%, 9.4%, 4.3%, 3.6%, respectively; P,0.0001; Figure 2 ).
ROC analysis indicated that a cutoff value of 185.5 mg/L for prealbumin levels could predict CI-AKI with a sensitivity (Table 2) .
Pre-procedural prealbumin and long-term outcomes
Kaplan-Meier curve demonstrated that low levels of prealbumin presented high all-cause mortality based on the cutoff value of prealbumin (185.5 mg/L) and four quartiles of prealbumin levels (P=0.0006, P=0.0008; Figures 4 and 5) . Cox regression analysis showed that pre-procedural prealbumin levels were an independent risk factor for long-term mortality (hazard ratio [HR] 0.525; 95% CI 0.289-0.952; P=0.034) after adjusting for other risk factors including age, SCr.1.5 mg/dL, and lgNT-proBNP (Table 3) . Patients who developed CI-AKI faced a high rate of all-cause mortality as compared to those without CI-AKI (P,0.0001; Figure 6 ).
Discussion
The current study demonstrated that elevated levels of preprocedural prealbumin were associated with an increased risk of developing CI-AKI and poor inhospital and longterm outcomes in elderly patients undergoing elective PCI. After adjusting for the confounding factors, levels of pre-procedural prealbumin#185.50 mg/L were the optimal cutoff value (based on ROC) for predicting CI-AKI and long-term mortality.
CI-AKI is one of the most common reasons for hospitalacquired kidney injury and is known to rise the morbidity and mortality, increase health care costs, as well as, prolong the duration of hospitalization. 14, 15 Meta-analysis by Song et al 16 showed that the risk of developing CI-AKI in the 
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You et al elderly was twofold more than that in younger patients even after adjustment for other risk factors. The estimated overall incidence of CI-AKI following intravascular CM administration was 13.6% in the elderly, which is higher than the previously reported incidence in a nonsegregated population. A study in Japan 5 concluded that elderly patients had a higher incidence of CI-AKI (14%) than those in the control group (9%). Furthermore, CI-AKI in elderly patients was shown to be associated with prolonged renal dysfunction and poor prognosis. In the current study, we found that the incidence of CI-AKI was 10%, and patients with CI-AKI were strongly associated with higher risk of death and mildly increased incidence of inhospital events. The incidence of CI-AKI in our study cohort was lower than that reported previously. This discrepancy may be explained by excluding the patients undergoing primary PCI. Nevertheless, it is vital to identify the elderly patients with high risk of CI-AKI.
Prealbumin, also known as transthyretin, is a globular protein synthesized by parenchymal cells. It forms a complex with retinol-binding protein and transports up to 90%-95% of retinol/vitamin A and 20% of circulating thyroid hormones in the body. 17 Prealbumin, like albumin, is not only a nutrition screening and assessment tool but also a part of the group of negative acute-phase reactants that decrease in the presence of acute inflammatory diseases. 8 Several studies have demonstrated that prealbumin levels constitute a wellestablished predictor of short-and long-term outcomes in numerous clinical conditions, including heart failure, 18, 19 cerebral infarction, 20 and hemodialysis. 21 Recent studies have suggested that prealbumin level is a valuable biomarker for assessing prognosis in patients with AKI. Perez et al 10 showed that serum prealbumin levels,11 mg/dL were an independent predictor of inhospital mortality as assessed by multivariate analyses (HR 2.10; 95% CI 1.08-4.08), and inhospital mortality of AKI patients decreased by 29% for every 5 mg/dL increase in serum prealbumin levels (HR 0.71; 95% CI 0.52-0.96). Wang et al 12 demonstrated that serum prealbumin levels were superior to serum albumin levels in Days since index procedure Cumulative rate of long-term mortality (%)
Prealbumin Q1 Prealbumin Q2 Prealbumin Q3 Prealbumin Q4 Figure 5 Kaplan-Meier curves demonstrate the cumulative mortality for patients based on prealbumin quartile (Q) levels. 
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Prealbumin and CI-AKI Figure 6 Kaplan-Meier curves demonstrate the cumulative mortality for patients with and without CI-AKI. Abbreviation: CI-AKI, contrast-induced acute kidney injury.
predicting mortality in AKI after adjusting for multivariables. Moreover, the current study showed that low prealbumin levels were strongly associated with long-term mortality in elderly patients undergoing elective PCI after adjusting for the associated risk factors (HR 0.525; 95% CI 0.289-0.952; P=0.034), which was in agreement with that from previous studies. However, to our knowledge, a study that investigated the relationship between the pre-procedural prealbumin levels and CI-AKI, as well as long-term mortality in patients who underwent elective PCI, is yet lacking. Recently, the predictive value of albumin in AKI was highlighted. A meta-analysis by Wiedermann et al 22 provided evidence that low levels of serum albumin acted as an independent predictor of AKI and death following AKI. Moreover, a prospective, single-center, randomized, parallelarm, double-blind trial conducted by Lee et al 23 A recent study by Murat et al 24 retrospectively assessed the impact of serum albumin levels on CI-AKI occurrence in a cohort of 890 patients with ACS treated with PCI. The study demonstrated that serum albumin was inversely associated with AKI risk and independently predicted the occurrence of AKI along with a number of other variables. Inflammation, endothelial dysfunction, and oxidative stress are speculated to be major mechanisms involved in the development of CI-AKI. With a short half-life, a high rate of hepatic synthesis, and predictable catabolic rate, prealbumin is a more sensitive indicator of systemic inflammation and better marker for evaluating nutritional status as compared to albumin. The current study revealed that low prealbumin levels were independently associated with increased CI-AKI and long-term mortality and confirmed the hypothesis that prealbumin might be a potential surrogate to predict CI-AKI and long-term outcomes.
The reasons for the strong association between low preprocedural prealbumin levels and high risk of CI-AKI are not yet clear; however, the potential mechanisms underlying the association of low prealbumin concentrations with CI-AKI may include the following. One possible underlying mechanism linking CI-AKI and prealbumin levels might be malnutrition predisposing the patients to CI-AKI. Malnutrition manifests as weight loss associated with protective metabolic responses such as decreased basic metabolic rates and preservation of lean body mass at the expense of fat mass. 25 Adipose tissue has been shown to increase the expression of soluble TNF-α receptors, which might play a role in the neutralization of the biological effects of TNF-α, 26 thereby providing a protective advantage for well-nourished patients. Obese patients also have high levels of circulating lipoproteins that might bind and detoxify the lipopolysaccharides responsible for the release of systematic inflammatory cytokines. 27 In addition, adiponectin, one of the adipokines secreted by adipose tissue, may exert a protective role in renal function by improving endothelial dysfunction, reducing 
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You et al oxidative stress, and upregulating the expression of endothelial nitric oxide synthase (eNOS) via the activation of AMPK by AdipoR1 and PPAR-α signaling pathway by AdipoR. 28, 29 In addition, loss of muscle mass was associated with decreased stroke volume and cardiac output, which in turn, aggravates renal ischemia in patients with elective PCI. 30, 31 Another possible underlying mechanism may be the increased inflammatory status predisposing the patients to CI-AKI. Inflammation is one of the dominating factors in the pathogenesis of CI-AKI. Multiple inflammatory cytokines including interleukin (IL)-1, IL-6, and TNF-α suppress the synthesis of prealbumin and stimulate the generation of Hs-CRP. 32, 33 High levels of Hs-CRP impair the endothelial function by attenuating the NO production via the downregulation of eNOS mRNA and facilitate apoptosis in endothelial cells, 34 which leads to vascular impairment, decreased renal blood flow, and exacerbation of renal function. The current study demonstrated that high Hs-CRP levels were associated with an elevated risk of CI-AKI, which was according to the previous findings.
Nevertheless, the current study had several limitations. 1) All patients selected for this study were from a single health care institution, and thus, a selection bias during enrollment was inevitable.
2) The cause of death was not recorded, rendering difficulty in establishing a link between serum prealbumin levels and the cause of death. 3) Urine output measurements are critical, which were not conducted, and hence, the number of patients with CI-AKI may have been underestimated. 4) This study was performed on a relatively small cohort, thereby necessitating further evaluation using large cohorts from multicenter institutions. Despite these limitations, our results provided useful insights into the correlation of serum prealbumin levels with the incidence of CI-AKI.
Conclusion
The current study demonstrated that 185.5 mg/L was the optimal cutoff value of pre-procedural prealbumin and an effective predictor of CI-AKI and long-term mortality in elderly patients after elective PCI. These findings could guide use of preventive measures and therapy to alleviate CI-AKI.
